Twenty-nine of 45 patients who had ipsilateral femoral and tibial shaft fractures were evaluated clinically and roentgenographically to correlate treatment method with bony alignment and functional outcome. The results included: (1) limitation of sports activities in patients whose knee ligaments were injured, followed by both instability and thigh atrophy; (2) a direct relationship between the postunion malalignment of the tibia and ankle motion; and (3) a high rate of life threatening complications (thromboembolic, pneumonia, death) and a slower rate of tibial union associated with treatment by closed methods.
ries in one limb leads to a prolonged rehabilitation and many poor functional
In spite of this large number of reports, controversy still exists regarding the choice of method and timing of treatment for these patients. Treatment for the fractures includes combinations of skeletal traction and internal or external fixation of femur and tibia. The choice is dependent on the patient's systemic conditions (most are multiple-injured), local soft tissue conditions, and available expertise and implants. Most orthopedists agree with Winquist et al. 33 that intramedullary nailing is the treatment of choice for most femoral shaft fractures. Not all of these surgeons possess the expertise or implants to nail a comminuted femoral fracture in a multiple-injured patient immediately after several other emergent procedures (laparotomy, debndement, etc.). Recently , several studies have reported the risks and benefits of early operative stabilization of the long-bone fractures in multipleinjured patient^.^,**'^,'^.^',^^ These authors have concluded that patients whose fractures were operatively stabilized had higher survival rates due to lower rates of the adult respiratory distress syndrome (ARDS) and other systemic life-threatening posttraumatic complications. Most of the recent reports of patients with ipsilateral femoral and tibial fractures indicate that wound sepsis, malunion, and adjacent joint stiffness are much less frequent if both fractures are operatively ~t a b i l i z e d . '~,~~ However, a large series re-results.5,6,9.1 I , 14, 23, 30, 34 This study reports the longest follow-up examination of patients with this combination of injuries. The purposes included: (1) collection and analysis of data that would allow a correlation of fracture treatment with the incidence of early complications; (2) correlation of the final alignment of the fractures at healing with the later condition of the adjacent joints; and (3) correlation of the functional status with treatment method, bony alignment, and the condition of the adjacent joints. The length of follow-up time (6.5 years, average) allowed a better test of the widely held opinion that bony malalignment of either femoral or tibial shaft would cause hip, knee, or ankle degenerative arthritis and loss of function.
MATERIALS AND METHODS
A computerized chart review of patients admitted to the university hospital between July I , 1966
and December I , 1981 was done. During this time, 5536 patients were admitted to the hospital with multiple-system trauma. Four hundred and fifty-nine of these patients had multiple ipsilateral lower extremity fractures. Patients were then excluded if their fractures were proximal to the lesser trochanter or if they suffered a fracture involving the knee or ankle articular surface. Remaining were 45 patients with 46 ipsilateral femoral and tibial shaft fractures. Seventy-six percent of the femora were treated by traction and cast bracing as previously d e s~r i b e d .~. ' * ,~~,~' Ninetythree percent of the tibiae were treated by cast immobilization. There were two early and two late deaths among the 45 patients. The remaining patients were recalled, and 29 (64%) were able to return for clinical examination and follow-up roentgenograms. The follow-up examination included an Iowa hip,15 knee, and ankle rating with strict attention to activities of daily living, pain, range of motion (ROM), and knee stability. Roentgenograms included views of the entire involved lower extremity in two planes and standing anteroposterior (AP) views of both knees. From these, measurements were made of the final overall alignment of the femoral shaft, tibial articular surfaces, and the differences between knee cartilage shadows of the involved and uninvolved knee.
Statistical correlations were then established between treatment modality and the incidence of early complications, malunion, nonunion of the femur or tibia, range of motion of the hip, knee, or ankle, and, finally, the patient's overall ability to carry out the activities of daily living with or without pain.
RESULTS
The major findings of this study included the following: ( 1) life-threatening complications occurred more frequently among those with femoral fractures treated for more than seven days by closed methods; (2) knee instability with thigh atrophy caused disability in sports; (3) tibial recurvatum malunion led to loss of ankle motion and disability; and (4) time to weight bearing without external support on the fractured tibia was shorter if the femur was operatively stabilized within one week of the injury.
Two treatment groups were identified according to the occurrence of early complications: (1) five patients with five injured limbs in which the femur was internally stabilized within seven days and (2) 39 patients with 40 injured limbs who were treated in traction for more than seven days. No tomplications occurred among the first group. In the second group one death occurred and there were eight patients with one or more of the following complications: pneumonia, fat, or thromboemboli. The death was that of a 47year-old man with multiple open fractures, abdominal content rupture, and pneumothorax.
Despite similar levels of initial injury, there was a higher rate of complications among the second group (femur in traction). This difference, however, was not statistically significant because the size of the first group (femur fixed) was too small.
One Overall the 29 patients functioned well and were working after an average follow-up period of 6.5 years (range, two to 15 years). Forty-eight percent were heavy laborers (farmers, meatcutters) and 3 1% were sedentary (executives, teachers).
Seventeen patients limited their sports activities, with 13 relating their sports limitations to complaints of knee pain, instability, or loss of ankle motion. Two patients complained of sports disability related to their knees. Both had the combination of thigh muscular atrophy and knee instability. One of these patients had demonstrable anterolat-era1 rotary instability and had torn his medial meniscus subsequent to the index injury. His thigh circumference difference was 5 cm.
The same combination (instability and thigh atrophy) occurred in another patient with 4 cm of thigh circumference difference and anterolateral rotary instability. She was unable to perform sports activities due to swelling and pain in the knee, and she had a relatively low knee rating of 88.
Six of the 29 patients had ratings of less than 80 for ankle function. The greatest loss of points was due to a decrease in ROM of the tibiotalar and subtalar joints. Eleven of the 17 patients who stated that they had limited their sports activities had limited ankle ROM. The average of the entire group was 47" total dorsiflexion and plantar flexion and 18" total inversion and eversion. The averages of these same motions were 32" and 1 1 ", respectively, among the 1 1 who had limited their sports activities. In addition, there was a statistically significant correlation (p = 0.03) between tibia1 malalignment in the sagittal plane and loss of ankle motion. An increase of posterior angulation correlated with a decrease in ankle motion (Fig. 1) . The roentgenograms in Figure 2 show malalignment of the healed tibia of one of these patients. His ankle ROM was from 5" of plantar flexion to 50" of plantar flexion and there was no subtalar motion.
The average malalignment of the femur was 3" of vams and 5" of increased anterior bow. This ranged from 2 1 " of varus to 13" of valgus and 26" of posterior to 46" of anterior angulation. There was no relation found between malalignment of the femur or tibia after union and knee function or loss of knee cartilage space. Tibial malalignment aver- shorter if the femur was internally fixed within seven days of the fracture. However, this is not statistically significant because of the small number of femurs fixed in this group.
DISCUSSION
The retrospective nature of this study of patients with multiple injuries compounds the difficulties of separating variables and the drawing of supported conclusions. There were, however, some notable findings. Tibia fractures healed faster, and early life-threatening complications occurred less frequently in patients whose femur fractures were internally fixed within seven days of their injury. Also, tibia recurvatum malunion was associated with a loss of ankle motion. Knee ligamentous injury, when accompanied by loss of thigh muscle strength, led to symptomatic knee instability. Both of these conditions had a greater affect on the patients' ability to participate in sports than on other activities of daily living.
The suspected association between malunion of the femoral or tibial fracture and hip, knee, or ankle dysfunction was found only in the ankle. This loss of ankle motion accompanying tibial recurvatum malunion has not been reported. Loss of ankle motion has been documented in several large series of tibial fractures, but was related by the authors to soft tissue conditions (open vs. closed fractures). 13,20 Soft tissue conditions, however, did not correlate with ankle motion among these 29 patients. These patients appeared to have an Achilles tenodesis from scarring of the tendon to the bone. This occurred due to the approximation of fracture callous and tendon. Prolonged ankle immobilization facilitated the formation of a single interlocked scar. The loss of ankle motion was the physical finding most often related to sports disability.
It is difficult to compare these results with most of the previous reports of ipsilateral femoral and tibial fractures because the parameters reported here were not dis-cu~sed.~,l 1,23, 34 Karlstrom and Olerud14 reported that, if both femur and tibia were rigidly fixed, no patients in their study lost this much ankle motion. If only the femur, or neither fracture, was rigidly fixed, their results were similar to those in this study in which 14% of the patients lost 20" or more of the motion of their affected ankle.
Other findings that correlated with poor function coincided with previous observations made of isolated knee or femoral injuries. For example, knee instability accompanying a femur fracture was found in 21% of the patients in this study. Most of these ligament injuries were not diagnosed at first presentation, a finding that has been reported several times.24,29,31*32 Knee instability has been reported in many of the series of patients with femoral and tibial fractures in the same limb. 5, 6, 9, 30 The patients in this study did not have either knee dysfunction or sports disability unless the ligament instability was accompanied by thigh muscle atrophy. This has also been previously reported by others in cases of injuries involving the The patients of Veith et aL30 were mobilized much earlier than the patients in this study. They also reported a much shorter healing time. Functionally (unsupported weight bearing), the patients were healed at an average of 19 weeks. 30 The patients in this study were weight bearing without external support on their tibiae earlier if the femur was internally fixed. This difference in healing rate of the tibia after femoral fixation was shown previously by Karlstrom tients in this study had femoral fractures that would have been best treated by interlocked nailing if it had been available. 33 But the most important reason to choose this aggressive treatment, however, is to increase the survivability of the majority (65%) of the patients in this study who were multiple-injured.
Being multiple-injured is a frequent occurrence in patients with ipsilateral femoral and tibial shaft fractures, as shown in many previous report^.^,^,' 1914, 30 In th is and many other studies, there is accumulating evidence that the rate of early complications (death, pneumonia, and thromboembolism) is lower for patients with multiple injuries if their fractures are fixed adequately to allow mobilization from bed within 48 hours of their injury. 2, 10, 12, 17, 25, 28 In studies that included many types of fractures, the early fixation of femoral fractures had the most effect on the rate of complications. 28 The high rate of early complications among the patients in this study treated with femoral traction further supports the need for early femoral fixation. 
